TITLE OF THE INVENTION 

Process for producing optically 

BACKGROUND OF THE INVENTION 
Technical field to which the invention pertains 

The present invention relates to an efficient process for 
producing an optically active compound having high optical purity 
by using, as a catalyst in an asymmetric Michael reaction, a 
transition metal complex having an optically active 
nitrogen-containing compound as an asymmetric ligand. 
Prior art 

Optically active compounds obtained by an asymmetric Michael 
reaction are useful as synthetic intermediates for pharmaceuticals, 
etc. For example, an optically active ketone obtained by an 
asymmetric Michael reaction of an enone can be used as a synthetic 
intermediate for a prostaglandin, etc. With regard to a process 
for synthesizing these optically active ketones, various processes 
have been developed, and known examples of asymmetric Michael 
reactions using an asymmetric catalyst are as follows . For example, 
there are asymmetric lanthanoid complex catalysts (ref. JP, A, 
7-265709, JP, A, 8-291178, JP, A, 11-240865, JP, A, 2001-31682, 
or JP, A, 2002-69076), and asymmetric aluminum complex catalysts 
(ref. JP, A, 2001-31682 or JP, A, 8-319258). Furthermore, 
asymmetric rhodium complexes (ref. JP, A, 10-130286) and asymmetric 
hafnium, titanium, zirconium complex catalysts (ref. JP, A, 
2001-252567) have been reported. 

The asymmetric lanthanoid catalysts, which have a lanthanoid 
as a center metal, have a different metal such as lithium in the 
catalyst molecule, and it is thought that the lanthanoid and lithium 
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activate a Michael donor and a Michael acceptor respectively. It 
is therefore necessary to have two different types of metal in the 
molecule, and it is thus necessary to design an asymmetric metal 
complex having a complicated structure. 
5 These processes cannot therefore be always said to be highly 

practical since it might be difficult to prepare the catalyst, the 
catalyst might have a stability problem, it might be necessary to 
use a large amount of catalyst, or it might be necessary to carry 
out the reaction at low temperature or for a long time. 

10 The present invention has been achieved under the 

above-mentioned circumstances, and it is an object thereof to 
provide an efficient process for producing a Michael addition 
product having high optical purity by an asymmetric Michael 
reaction using a catalytic amount of an asymmetric source under 

15 mild conditions. 

SUMMARY OF THE INVENTION 

As a result of an intensive investigation by the present 
inventors, it has been found that a Michael addition product having 
high optical purity can be obtained highly efficiently by using, 

20 in an asymmetric Michael reaction, an asymmetric metal complex that 
is obtained by reacting an optically active nitrogen-containing 
compound, a complex of a metal of group VIII of the periodic table, 
and a base, and the present invention, which is a novel, very 
efficient catalytic system, has thus been accomplished. 

25 That is, the gist of the present invention is to provide a 

process for producing an optically active compound represented by 
general formula (C) 
[Chem. 13] 
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II 

R 4 II * ,n 
O 



(C) 



(in the formula, R 1 denotes an aromatic monocyclic or aromatic 
polycyclic hydrocarbon group, which may have a substituent, a 
saturated or unsaturated aliphatic hydrocarbon group or alicyclic 
5 hydrocarbon group, which may have a substituent, a heteromonocyclic 
or heteropolycyclic group, which may have a substituent, or a 
hydrogen atom, an alkoxy group, or an amino group; R 2 and R 3 
independently denote a hydrogen atom, an aromatic monocyclic or 
aromatic polycyclic hydrocarbon group, which may have a substituent, 

10 a saturated or unsaturated aliphatic hydrocarbon group or alicyclic 
hydrocarbon group, which may have a substituent, or a 
heteromonocyclic or heteropolycyclic group, which may have a 
substituent, and R 1 and R 2 , R 1 and R 3 , or R 2 and R 3 may be bonded to 
each other to form a ring; R 4 denotes a hydrogen atom, an aromatic 

15 monocyclic or aromatic polycyclic hydrocarbon group, which may have 
a substituent, a saturated or unsaturated aliphatic hydrocarbon 
group or alicyclic hydrocarbon group, which may have a substituent, 
or a heteromonocyclic or heteropolycyclic group, which may have 
a substituent; R 5 and R 6 independently denote a hydrogen atom, an 

20 aromatic monocyclic or aromatic polycyclic hydrocarbon group, 
which may have a substituent, a saturated or unsaturated aliphatic 
hydrocarbon group or alicyclic hydrocarbon group, which may have 
a substituent, or a straight-chain or branched CI to C20 alkoxy 
group, and R 4 and R 5 , R 4 and R 6 , or R 5 and R 6 may be bonded to each 

25 other to form a ring; X and Y independently denote a single bond, 
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an oxygen atom, a sulfur atom, a nitrogen atom, or a phosphorus 
atom; and m and n are independently 1 or 2; when X and/or Y is a 
single bond, an oxygen atom, or a sulfur atom, m and/or n is 1, 
and when X and/or Y is a nitrogen atom or a phosphorus atom, m and/or 
5 n is 2) by reacting a compound represented by general formula (A) 
[Chem. 11] 

O R 2 

(in the formula, R 1 , R 2 , and R 3 have the same meaning as above) and 
a compound represented by general formula (B) 
10 [Chem. 12] 

o 

R 4 -< - (B) 
O 

(in the formula, R 4 , R 5 , R 6 , X, Y, m, and n have the same meaning 
as above) with an asymmetric metal complex obtained from an 
optically active nitrogen-containing compound and a complex of a 
15 metal of group VIII of the periodic table. 

Furthermore, the present invention relates to the above- 
mentioned process for producing an optically active compound, 
wherein X and Y of the above-mentioned compound (B) are both oxygen 
atoms . 

20 Moreover, the present invention relates to the above- 

mentioned process for producing an optically active compound, 
wherein X of the above-mentioned compound (B) is an oxygen atom 
and Y is a single bond, or X is a single bond and Y is an oxygen 
atom. 
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Furthermore, the present invention relates to the above- 
mentioned process for producing an optically active compound, 
wherein the optically active nitrogen-containing compound has a 
structure represented by general formula (D) 
5 [Chem. 14] 



(in the formula, R 7 and R 8 independently denote an aromatic 
monocyclic or aromatic polycyclic hydrocarbon group, which may have 
a substituent, a saturated or unsaturated aliphatic hydrocarbon 

10 group or alicyclic hydrocarbon group, which may have a substituent, 
or a heteromonocyclic or heteropolycyclic group, which may have 
a substituent, and R 7 and R 8 may be bonded to each other to form 
a ring; R 9 denotes a hydrogen atom or an alkyl group; R 10 denotes 
an acyl group, a carbamoyl group, a thioacyl group, a thiocarbamoyl 

15 group, an alkylsulf onyl group, or an arylsulfonyl group; and * 
denotes an asymmetric carbon atom) • 

Moreover, the present invention relates to the above- 
mentioned process for producing an optically active compound, 
wherein in the optically active nitrogen-containing compound 

20 represented by general formula (D), R 10 has a structure represented 



R 9 -NH HN-R 10 





by 



[Chem. 15] 
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(in the formula, R 11 denotes an alkyl group or aryl group, which 
may have a substituent ) . 

Furthermore, the present invention relates to the above- 
mentioned process for producing an optically active compound, 
5 wherein in the optically active nitrogen-containing compound 
represented by general formula (D), R 7 has a structure represented 
by 



[Chem. 16] 




R 8 has a structure represented by 
[Chem. 17] 




15 and R 10 has a structure represented by 
[Chem. 18] 

(in the formulae, R 12 , R 13 and R 14 independently denote a hydrogen 
atom, an alkyl group, a halogen atom, or an alkoxy group, and 1, 
20 m, and n independently denote an integer of 1 to 5). 

Moreover, the present invention relates to the above- 
mentioned process for producing an optically active compound, 
wherein the complex of a metal of group VIII of the periodic table 
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is a ruthenium compound. 

Furthermore, the present invention relates to the above- 
mentioned process for producing an optically active compound, 
wherein the asymmetric metal complex is an asymmetric ruthenium 
5 amido complex represented by general formula (E) 
[Chem. 19] 



(in the formula, R 12 , R 13 , R 14 , 1, m and n have the same meaning as 
above, R 15 denotes a methyl group, an ethyl group, a propyl group, 

10 or an isopropyl group, q denotes an integer of 0 to 6, and * denotes 
an asymmetric carbon atom) • 

Moreover, the present invention relates to the above- 
mentioned process for producing an optically active compound, 
wherein the asymmetric metal complex is an asymmetric ruthenium 

15 hydrido complex represented by general formula (F) 
[Chem. 20] 
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(in the formula, R 12 , R 13 , R 14 , R 15 , 1, m, n and q have the same meaning 
as above, and * denotes an asymmetric carbon atom) . 

This invention exhibits very high performance by using an 
asymmetric metal catalyst having an optically active 
nitrogen-containing compound as a ligand even though only a single 
metal of group VIII of the periodic table is contained in the 
catalyst • 

With regard to the optically active nitrogen-containing 
ligand, from the viewpoint of strong bonding to the metal by 
crbonding and maintaining an appropriate structure of a 
catalytically active species in terms of the organometallic complex 
chemistry, a sulfonamide group or carboxamide group structure is 
preferable. That is, by the use of an asymmetric metal complex 
obtained from a metal of group VIII of the periodic table and an 
optically active diamine ligand having a sulfonamide group or a 
carboxamide group, a very effective, novel catalyst, which has a 
different reaction mechanism from that of a conventional catalyst 
for an asymmetric Michael reaction, has been developed. 
MODES FOR CARRYING OUT THE INVENTION 

The present invention is explained in detail below. A 
compound used as a starting material in the present invention is 
represented by the above-mentioned general formula (A) . 

[Chem. 21] 



In the formula(A), R 1 denotes an aromatic monocyclic or 
aromatic polycyclic hydrocarbon group, which may have a substituent , 
a saturated or unsaturated aliphatic hydrocarbon group or alicyclic 



o 



R 2 
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hydrocarbon group , which may have a substituent, a heteromonocyclic 
or heteropolycyclic group, which may have a substituent , or a 
hydrogen atom, an alkoxy group, or an amino group. In the formula, 
R 2 and R 3 independently denote a hydrogen atom, ain aromatic 
5 monocyclic or aromatic polycyclic hydrocarbon group, which may have 
a substituent, a saturated or unsaturated aliphatic hydrocarbon 
group or alicyclic hydrocarbon group, which may have a substituent, 
or a heteromonocyclic or heteropolycyclic group which may have a 
substituent . 

10 Making R 2 and R 3 different from each other enables an optically 

active compound having an asymmetric carbon at the p-position to 
the carbonyl to be produced. 

In general formula (A), R 1 , R 2 , and R 3 are independent from 
each other, and in the definition of the groups, the terms have 
15 the meanings below. 

Specific examples of the aromatic monocyclic or aromatic 
polycyclic hydrocarbon group include phenyl, 2 -methy lpheny 1 , 
2-ethylphenyl , 2-isopropylphenyl , 2-tert-butylphenyl , 

2 - met hoxypheny 1 , 2 -chloropheny 1 , 2 - viny lpheny 1 , 3 -met hy lpheny 1 , 
20 3 -et hy lpheny 1 , 3 - isopropy lpheny 1 , 3 -met hoxypheny 1 , 

3 - chloropheny 1 , 3 -viny lpheny 1 , 4 -methy lpheny 1 , 4 -ethy lpheny 1 , 

4- isopropylphenyl , 4-tert-butylphenyl , 4-vinylphenyl , cumenyl , 
mesityl, xylyl, 1-naphthyl, 2-naphthyl, anthryl, phenathryl, and 
indenyl groups. 

25 Specific examples of the heteromonocyclic or heteropolycyclic 

group include thienyl, furyl, pyranyl, pyrrolyl, imidazolyl, 
pyrazolyl, oxazolyl, isooxazolyl, triazolyl, thiazolyl, 
isothiazolyl, pyridyl, pyridazyl, pyrazinyl, benzoimidazolyl, 
benzopyrazolyl, benzothiazolyl , quinolyl, anthranyl, indolyl, and 
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phenanthrolyl groups . 

The aliphatic hydrocarbon group is a straight-chain or 
branched alkyl, alkenyl, or alkynyl group, each of which may be 
substituted with an aromatic hydrocarbon group or a heterocyclic 
5 group. 

Examples of the alkyl group include alkyl groups having 1 to 
20 carbons such as methyl, ethyl, n-propyl, isopropyl, butyl, 
sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, and dodecyl groups. Examples 
10 of the alkenyl group include alkenyl groups having 2 to 20 carbons 
such as vinyl, 1-propenyl, 2-propenyl, 1-butenyl, 1-isopropenyl , 

2- butenyl, 3-butenyl, 1 , 3-butadienyl , 1-pentenyl, 2-pentenyl, and 

3- pentenyl groups. Examples of the alkynyl group include alkynyl 
groups having 2 to 20 carbons such as ethynyl, 1-propynyl, and 

15 phenylethynyl groups . 

The alicyclic hydrocarbon group denotes a cycloalkyl group, 
which may be substituted with an aromatic hydrocarbon or 
heterocyclic group, and specific examples thereof include 
cycloalkyl groups having 3 to 8 carbons such as cyclopropyl, 
20 cyclobutyl, cyclopentyl, and cyclohexyl groups. 

Specific examples of the alkoxy group include alkoxy groups 
having 1 to 2 0 carbons such as methoxy, ethoxy, propoxy, and butoxy 
groups as well as those including an aromatic ring such as a phenoxy 
group. 

25 Specific examples of the amino group include amino, 

methylamino, dimethylamino, ethylamino, and diethylamino groups. 

Specific examples of the substituent that is bonded to the 
above-mentioned aromatic hydrocarbon group, heterocyclic group, 
aliphatic hydrocarbon group or alicyclic hydrocarbon group include 
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a halogen atom such as fluorine , chlorine, bromine, or iodine, a 
halogen atom-containing hydrocarbon group such as a 
trifluoromethyl group, an oxygen atom-containing substituent such 
as a hydroxyl, alkoxy, acyl, alkoxycarbonyl, or carboxyl group, 
5 a nitrogen atom-containing substituent such as an amino, alkylamino, 
nitro, cyano, or azido group, a silicon-containing substituent such 
as a trimethylsilyl or hydrosilyl group, a sulfur atom-containing 
substituent such as a mercapto or alkylthio group, and a phosphorus 
atom-containing substituent such as a phosphoryl or 

10 triphenylphosphinyl group. 

The substituent may contain a transition metal element, and 
specific examples thereof include an iron-containing substituent 
such as a ferrocenyl group. Furthermore, R 1 and R 2 , R 1 and R 3 , or 
R 2 and R 3 may be bonded to each other to form a ring. 

15 Specific examples of the compound represented by general 

formula (A) include compounds shown in Compound Group 1, and 
particularly highly applicable are 2-cyclopentenone (1 of Compound 
Group 1), 4 , 4-dimethyl-2-cyclopentenone (2 of Compound Group 1), 
and 2-cyclohexenone (4 of Compound Group 1). The compounds 

20 represented by general formula (A) are not limited to the compounds 
of Compound Group 1 . 
[Chem. 22] 
Compound group 1 
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The compound that is a Michael donor starting material of the 
present invention is represented by general formula (B). 
[Chem. 23] 
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In general formula (B), R 4 is a hydrogen atom, an aromatic 
monocyclic or aromatic polycyclic hydrocarbon group, which may have 
a substituent, a saturated or unsaturated aliphatic hydrocarbon 
5 group or alicyclic hydrocarbon group, which may have a substituent, 
or a heteromonocyclic or heteropolycyclic group, which may have 
a substituent, and R 5 and R 6 independently denote a hydrogen atom, 
an aromatic monocyclic or aromatic polycyclic hydrocarbon group, 
which may have a substituent, a saturated or unsaturated aliphatic 

10 hydrocarbon group or alicyclic hydrocarbon group, which may have 
a substituent, or a straight-chain or branched CI to C20 alkoxy 
group. Furthermore, R 4 and R 5 , R 4 and R 6 , or R 5 and R 6 may be bonded 
to each other to form a ring. X and Y independently denote a single 
bond, an oxygen atom, a sulfur atom, a nitrogen atom, or a phosphorus 

15 atom, and m and n are independently 1 or 2. When X and/or Y is a 
single bond, an oxygen atom, or a sulfur atom, m and/or n is 1, 
and when X and/or Y is a nitrogen atom or a phosphorus atom, m or 
n is 2 . 

In general formula (B), R 4 , R 5 , and R 6 are independent from 
20 each other, but in the definition of the groups the terms have the 
above meanings. 

Specific examples of the compound represented by general 
formula (B) include compounds shown in Compound Group 2, and 
particularly highly applicable are dimethyl malonate ( 1 of Compound 
25 Group 2), diethyl malonate (2 of Compound Group 2), and methyl 
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acetoacetate (10 of Compound Group 2) . In addition, the compounds 
represented by general formula (B) are not limited to the compounds 
of Compound Group 2, and the asymmetric carbon can be a carbon 
resulting from a new bond in a combination where -X-(R 5 ) m and -Y-(R 6 ) n 
are different in general formula (B) (e.g., 8 to 13 of Compound 
Group 2 ) . 

[Cheiru 24] 

Compound Group 2 
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10 The optically active nitrogen-containing compound, which 

forms the catalyst used in the present invention, is a diamine 
derivative represented by general formula (D)« 
[Chem. 25] 

FT R 8 

R 9 -NH HN-R 10 

In general formula (D), R 7 and R 8 denote an alkyl group, for 
example, a straight-chain or branched alkyl group having 1 to 6 
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carbons such as a methyl , ethyl, irpropyl, isopropyl, butyl, 
sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl, 
or hexyl group; preferably an aryl group such as, for example, a 
phenyl , napht hy 1 , 4 -met hy lpheny 1 , 3,5 -dimet hy lpheny 1 , or 
5 4-methoxyphenyl group; or a heterocyclic group such as, for example, 
a furyl or pyridyl group. Alternatively, R 7 and R 8 may together 
form a tetramethylene group (forming a cyclohexane ring). These 
groups may be further substituted, and the substituent is one group 
or two or more groups selected from a lower alkyl group such as 

10 a methyl, ethyl, irpropyl, or isopropyl group, a lower alkoxy group 
such as a methoxy or ethoxy group, and a halogen atom such as a 
chlorine atom, a bromine atom, or a fluorine atom. R 7 and R 8 are 
each preferably a phenyl group or a phenyl group having a substituent, 
or a tetramethylene group in which R 7 and R 8 are bonded to each other, 

15 etc . 

R 9 denotes a hydrogen atom or a lower alkyl group, for example, 
a straight-chain or branched alkyl group having 1 to 6 carbons such 
as a methyl, ethyl, irpropyl, or isopropyl group. 

R 10 denotes an acyl group such as, for example, an acetyl, 

20 propionyl, or benzoyl group; a carbamoyl group such as, for example, 
an N-methylcarbamoyl or AT-phenylcarbamoyl group; a thioacyl group 
such as, for example, a thioacetyl, thiopropionyl, or thiobenzoyl 
group; a thiocarbamoyl group such as, for example, an 
tf-methylthiocarbamoyl or N-phenylthiocarbamoyl group; or an 

25 alkylsulfonyl group or an arylsulfonyl group, for example, an 
alkylsulfonyl or arylsulfonyl group having 1 to 2 0 carbons such 
as a methanesulfonyl, ethanesulf onyl , trif luoromethanesulfonyl, 
benzenesulf onyl , 2,4, 6-trimethylsulf onyl , 

2,4, 6-triisopropylbenzenesulfonyl, 4-methoxybenzenesulfonyl, 
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4-chlorobenzenesulfonyl, or p-toluenesulf onyl group, which may 
have a substituent. A preferred combination of R 9 and R 10 is one 
in which R 9 is hydrogen and R 10 is an alkylsulf onyl or arylsulfonyl 
group and, in particular, R 10 is a methanesulf onyl or 
5 p-toluenesulf onyl group. 

The optically active nitrogen-containing compound 
represented by general formula (D) is preferably a diamine 
derivative in which R 10 is represented by 



have a substituent). 

A more preferred optically active nitrogen-containing 
compound is a diamine derivative in which R 7 is 



[Chem. 26] 




11 



10 



(in the formula, R 11 denotes an alkyl or aryl group, which may 
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[Chem. 27] 




R 6 is 



[Chem. 28] 




/ 



20 



and R 10 is 



[Chem. 29] 
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( in the formulae, R 12 , R 13 and R 14 independently denote a hydrogen 
atom, an alkyl group, a halogen atom, or an alkoxy group. 1, m, 
and n independently denote an integer of 1 to 5). 
5 Specific examples of R 11 to R 14 when they denote alkyl groups, 

aryl groups, halogen atoms, or alkoxy groups are the same as those 
cited for the R 7 and R 8 above. Specific examples of the asymmetric 
ligand represented by general formula (D) include 
1 , 2-diphenylethylenediamine, 

10 N-met hyl- 1 , 2 -diphenylethylenediamine , 

(p-toluenesulf onyl )-l , 2-diphenylethylenediamine, 
N-methanesulfonyl-1 , 2-diphenylethylenediamine, 
N-methyl-AT - (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine, 
N-methyl-N 1 -methanesulf onyl- 1 , 2-diphenylethylenediamine, 

15 N- (p-methoxybenzenesulf onyl ) -1 , 2-diphenylethylenediamine, 
N- (p-chlorobenzenesulf onyl ) -1 , 2-diphenylethylenediamine, 
N- ( 3 , 5-dimethylbenzenesulf onyl ) -1 , 2-diphenylethylenediamine, 
N- ( 3 , 5-di-i-propylbenzenesulf onyl ) -1 , 2-diphenylethylenediamine, 
N' ( 2 , 4 , 6-trimethylbenzenesulf onyl ) -1 , 2-diphenylethylenediamine, 

20 N- ( 2 , 4 , 6-tri-i-propylbenzenesulf onyl ) -1 , 2-diphenylethylenediami 
ne , N-tr if luoromethanesulf onyl- 1 , 2 -diphenylethylenediamine , 
1 , 2-cyclohexanediamine, tf-methyl-1 , 2-cyclohexanediamine, 
N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine, 
N-methanesulf onyl-1 , 2-cyclohexanediamine, 

25 N-methyl-2\T ■ (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine, 
N-methyl-N 1 -methanesulfonyl-1 , 2-cyclohexanediamine, 
N- (p-methoxybenzenesulf onyl ) -1 , 2-cyclohexanediamine, 
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N' (p-chlorobenzenesulf onyl ) -1 , 2-cyclohexanediamine , 
N- ( 3 , 5-dimethylbenzenesulf onyl ) -1 , 2-cyclohexanediamine, 
N- ( 3 , 5-di-i-propylbenzenesulf onyl ) -1 , 2-cyclohexanediamine, 
N m ( 2 , 4 , 6-trimethylbenzenesulf onyl ) -1 , 2-cyclohexanediamine , 
5 N- ( 2 , 4 , 6-tri-i-propylbenzenesulf onyl ) -1 , 2-cyclohexanediamine, 
and N'trif luoromethanesulf onyl-1 , 2-cyclohexanediamine, 

With regard to the metal species of a compound of a metal of 
group VIII of the periodic table, which is used in combination with 
these asymmetric ligands, ruthenium, rhodium, iridium, cobalt, 
10 iron, nickel, palladium, platinum, and osmium can be cited as 
examples, and among these ruthenium is preferable • Specific 
examples of the compound include RuCl 3 -3H 2 0, [RuCl 2 (p-cymene) ] 2 , 
[ RuCl 2 ( benzene ) ] 2 , [ RuCl 2 ( methy lbenzene ) ] 2 , 

[RuCl 2 ( 1,2-dimethylbenzene) ] 2 , [RuCl 2 ( 1 , 3-dimethylbenzene) ] 2 , 
15 [RuCl 2 ( 1 , 4 -dimethy lbenzene) ] 2 , [RuCl 2 (mesitylene) ] 2 , 

[RuCl 2 ( 1,2,3-trimethylbenzene) ] 2 , 

[ RuCl 2 (1,2,4 -tr imethylbenzene ) ] 2 , 

[RuCl 2 ( 1/2,3 , 4 -tetramethy lbenzene) ] 2 , 

[ RuCl 2 (1,2,3, 5-tetramethylbenzene ) ] 2 , 
20 [ RuCl 2 (1,2,4, 5-tetramethylbenzene ) ] 2 , 

[ RuCl 2 ( pentamethy lbenzene ) ] 2 , [ RuCl 2 ( hexamethylbenzene ) ] 2 , 

RuCl 2 (PPh 3 ) 3 , [RuCl 2 (cod) ] 2 , [RuCl 2 (CO) 3 ] 2 , [Rh(cod)Cl ] 2 , 

[ RhCl 2 ( pentamethylcyclopentadiene ) ] 2 , [ Ir ( cod ) CI ] 2 , 

[ Ircl 2 ( pentamethylcyclopentadiene ) ] 2 , CoCl 2 , NiCl 2 , NiCl 2 ( PPh 3 ) 2 , 
25 PdCl 2 , Pd(PPh 3 ) 4 , PdCl 2 (CH 3 CN) 2 , PdCl 2 ( PhCN) 2 , PtCl 2 (cod), and 

Pt(PPh 3 ) 4 ; and [RuCl 2 (p-cymene) ] 2 , [RuCl 2 ( mesitylene) ] 2 , 

[ RuCl 2 (1,2,4, 5-tetramethylbenzene ) ] 2 , 

[RuCl 2 (pentamethy lbenzene) ] 2 , and [RuCl 2 (hexamethylbenzene) ] 2 are 
preferable. In the above-mentioned compounds, Ph denotes a phenyl 



group, and cod denotes cyclooctadiene. Cl in these compounds may 
be another halogen atom such as, for example, Br or I. 

An asymmetric metal complex in which the optically active 
nitrogen-containing compound coordinates to the compound of a metal 
5 of group VIII of the periodic table and which is used as a catalyst 
can be obtained by reacting the compound of a metal of group VIII 
of the periodic table with the optically active nitrogen-containing 
compound and a base. Examples of the base used in this reaction 
include an alkali metal hydroxide such as lithium hydroxide, sodium 

10 hydroxide, or potassium hydroxide, an alkali metal alkoxide such 
as lithium methoxide, sodium methoxide, sodium ethoxide, or 
potassium isopropoxide, and an organic amine such as trimethylamine, 
triethylamine, or triisopropylamine. The base is preferably used 
in an excess amount relative to the halogen atom on the metal, for 

15 example, at a molar ratio of 1 to 100 times. 

With regard to the asymmetric metal complex in which the 
optically active nitrogen-containing compound coordinates to the 
compound of a metal of group VIII of the periodic table and which 
is used as the catalyst, an amide complex and a hydrido complex 

20 can be cited. Specific examples of the ruthenium amide complex 
include 

[ ( S , S ) -N~ (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
benzene ruthenium, 

[ (R,R) -N m (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
25 benzene ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( met hy lbenz ene ) ruthenium , 

[ ( R, R ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(methylbenzene) ruthenium, 
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[ ( S , S ) -N' (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( 1 , 2-dimethylbenzene) ruthenium, 

[ (R, R) -N' (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
( 1 , 2-dimethylbenzene) ruthenium , 
5 [ ( S , S ) -N m (p-toluenesul f ony 1 ) - 1 , 2 -dipheny lethy lenediamine ] 
( 1 , 3-dimethylbenzene) ruthenium, 

[ (R, R) -W- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( 1 , 3-dimethylbenzene) ruthenium, 

[ ( S f S ) -N" (p-toluenesulf onyl ) -1 , 2 -diphenylethylenediamine ] 
10 ( 1 , 4-dimethylbenzene) ruthenium, 

[ (R,R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
( 1 , 4-dimethylbenzene) ruthenium, 

[ ( S , S ) -N~ (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(p-cymene) ruthenium, 
15 [ (R,R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
(p-cymene) ruthenium, 

[ ( S , S ) -N~ (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( mes ity lene ) ruthenium , 

[ ( R , R ) -N~ (p-toluenesulf ony 1 ) - 1 , 2 -dipheny let hy lenediamine ] 
20 (mes ity lene) ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2 , 3-trimethylbenzene) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2 , 3-trimethylbenzene) ruthenium, 
25 [ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2 , 4-trimethylbenzene ) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2 , 4-trimethylbenzene ) ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
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(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2,3, 4-tetramethylbenzene ) ruthenium, 

[ ( R, R) -AT* (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2,3, 4-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, 

[ ( R, R) -AT- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N~ (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
(1,2,3,4, 5-pentamethylmethylbenzene ) ruthenium, 
[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( hexamethylbenzene ) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( hexamethylbenzene ) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] benzene 
ruthenium, 

[ (R,R)-N-methanesulfonyl-l , 2-diphenylethylenediamine] benzene 
ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] 
(methylbenzene) ruthenium, 

[ (R,R) -N-methanesulfonyl-l , 2-diphenylethylenediamine] 
(methylbenzene ) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] 
( 1 , 2-dimethylbenzene ) ruthenium, 



[ (R,R) -N-methanesulf onyl-1 , 2-diphenylethylenediamine] 
( 1 , 2-dimethylbenzene) ruthenium, 

[ (S, S)-N-methanesulfonyl-l , 2-diphenylethylenediamine] 
( 1 , 3-dimethylbenzene) ruthenium, 
5 [ (R,R) -N-met hanesul f ony 1- 1 , 2 -dipheny lethy lenediamine ] 
( 1 , 3-dimethylbenzene) ruthenium, 

[ ( S , S ) -ATmet hanesul f onyl-1 , 2-diphenylethylenediamine ] 
( 1 , 4-dimethylbenzene) ruthenium, 

[ (R,R)-N-methanesulf onyl-1 , 2-diphenylethylenediamine] 
10 ( 1 , 4-dimethylbenzene) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] (p-cymene ) 
ruthenium, 

[ (R,R)-ATmethanesulf onyl-1 , 2-diphenylethylenediamine] (p-cymene) 
ruthenium, 

15 [ ( S , S ) - W-met hanesul f onyl-1 , 2-diphenylethylenediamine ] 
( mes ity lene ) ruthenium, 

[ ( R , R ) -W-methanesul f ony 1- 1 , 2 -dipheny let hy lenediamine ] 
( mes ity lene ) ruthenium , 

[ ( S , S ) -W-met hanesul f ony 1- 1 , 2 -diphenylethy lenediamine ] 
20 (1,2, 3-trimethylbenzene) ruthenium, 

[ (R,R) -N-methanesulf onyl-1 , 2-diphenylethylenediamine] 
(1,2 , 3-trimethylbenzene) ruthenium, 

[ ( S , S ) -itf-methanesulf onyl-1 , 2-diphenylethylenediamine ] 
(1,2 , 4-trimethylbenzene) ruthenium, 
25 [ (R,R)-i\T-met hanesul f onyl-1 , 2-diphenylethylenediamine] 
(1,2, 4-trimethylbenzene ) ruthenium, 

[ ( S, S)-i\T-met hanesul f ony 1-1 , 2-diphenylethylenediamine] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( R, R) -i\T-met hanesul f ony 1-1 , 2-diphenylethylenediamine] 
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(1,2,4, 5-tetramethylbenzene ) ruthenium, 
[ ( S , S ) -JV-methanesulf onyl-1 , 2-diphenylethylenediamine ] 
(1,2,3, 5-tetramethylbenzene) ruthenium, 
[ (R,R) -AT-methanesulf onyl-1 , 2-diphenylethylenediamine] 
5 (1,2,3, 5-tetramethylbenzene) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] 
(1,2,3,4 -tetramethylbenzene ) ruthenium, 
[ (R,R)-2tf-methanesulf onyl-1 , 2-diphenylethylenediamine] 
(1,2,3,4 -tetramethylbenzene ) ruthenium, 

10 [ ( S , S ) -Wmethanesulf onyl-1 , 2-diphenylethylenediamine ] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, 
[ ( R , R ) -N-methanesul f ony 1- 1 , 2 -diphenylethy lenediamine ] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, 
[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] 

15 (hexamethylbenzene) ruthenium, 

[ (R,R)-N-methanesulf onyl-1 , 2-diphenylethylenediamine] 
( hexamethylbenzene ) ruthenium, 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2 -diphenylethylenediamine ] 
benzene ruthenium, 
20 [ ( R,R)-i\T-tr if luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
benzene ruthenium, 

[ ( S , S ) -JV-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(methylbenzene) ruthenium, 

[ ( R , R ) -N-tr if luoromethanesul f ony 1- 1 , 2 -diphenylethylenediamine ] 
25 (methylbenzene) ruthenium, 

[ ( S , S ) -W-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
( 1 , 2-dimethylbenzene ) ruthenium, 

[ (R,R)-N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
( 1 , 2-dimethylbenzene ) ruthenium, 



[ ( S , S ) -i\rtrif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
( 1 , 3-dimethylbenzene) ruthenium, 

[ (R,R)-I\Ttrif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
( 1 , 3-dimethylbenzene) ruthenium, 

[ ( S , S ) -W-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
( 1 , 4-dimethylbenzene) ruthenium, 

[ (R,R)-2V-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
( 1 , 4-dimethylbenzene) ruthenium, 

[ ( S , S ) -AT-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
(p-cymene ) ruthenium, 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(p-cymene ) ruthenium , 

[ ( S , S ) -i\rtrif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
( mes ity lene ) ruthenium , 

[ (R,R) -2\T-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
( mes ity lene ) ruthenium , 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
(1,2 , 3-trimethylbenzene) ruthenium, 

[ (R,R)-N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(1,2 , 3-trimethylbenzene ) ruthenium, 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(1,2 , 4-trimethylbenzene) ruthenium, 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(1,2, 4-trimethylbenzene ) ruthenium, 

[ ( S , S ) -N-t r if luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( S,S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
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(1,2,3, 5-tetramethylbenzene ) ruthenium, 

[ (R,R) -N-trif luoromethanesulfonyl-1 , 2-diphenylethylenediamine] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(1,2,3, 4-tetramethylbenzene ) ruthenium, 

[ (R,R) -N-trif luoromethanesulfonyl-1 , 2-diphenylethylenediamine] 
(1,2,3 , 4-tetramethylbenzene ) ruthenium, 

[ (S ,S ) -N-trif luoromethanesulfonyl-1 , 2-diphenylethylenediamine] 
(1,2,3,4, 5-pentamethylbenzene) ruthenium, 

[ (R,R) -N-trif luoromethanesulfonyl-1 , 2-diphenylethylenediamine] 
(1,2,3,4, 5-pentamethylbenzene) ruthenium, 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
( hexamethylbenzene ) ruthenium, 

[ (R,R) -N-trif luoromethanesulfonyl-1 , 2-diphenylethylenediamine] 
( hexamethylbenzene ) ruthenium, 

[ ( S , S ) -N' (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] benzene 
ruthenium, [ ( R , R ) -N m (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
benzene ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(methylbenzene) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(methylbenzene) ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
( 1 , 2-dimethylbenzene ) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) - 1 , 2-cyclohexanediamine ] 
( 1 , 2-dimethylbenzene) ruthenium, 

[ ( S , S ) -N~ (p-toluenesul f ony 1 ) - 1 , 2 -cyclohexanediamine ] 
( 1 , 3-dimethylbenzene) ruthenium, 

[ ( R, R ) -N- (p-toluenesulf onyl ) - 1 , 2 -cyclohexanediamine ] 



( 1,3-dimethylbenzene) ruthenium, 

[ ( S , S ) -2tf- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
( 1 , 4-dimethylbenzene) ruthenium , 

[ (R,R) -N' (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine] 
( 1 , 4-dimethylbenzene) ruthenium, 

[ ( S , S ) -N~ (p-toluenesulf onyl ) - 1 , 2 -cyclohexanediamine ] (p-cymene ) 
ruthenium, [ ( R, R ) -2\T- (p-toluenesulf onyl ) - 1 , 2 -cyclohexanediamine ] 
(p-cymene ) ruthenium, 

[ ( S , S ) -W- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
( mes ity lene ) ruthenium , 

[ ( R , R ) -N~ (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine] 
( mes ity lene ) ru then ium , 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(1,2 , 3-trimethylbenzene) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(1,2 , 3-trimethylbenzene ) ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(1,2 , 4-trimethylbenzene ) ruthenium, 

[ ( R, R) -N~ (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(1,2 , 4-trimethylbenzene ) ruthenium, 

[ ( S , S ) -N- (p-toluenesul f ony 1 ) - 1 , 2 -cyclohexanediamine ] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N" (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 

(1,2,3, 4-tetramethylbenzene ) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 

(1,2,3,4 -tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
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(1,2,3, 5-tetramethylbenzene ) ruthenium, 
[ ( R , R ) -N~ (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, 
[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
5 ( 1,2,3,4,5-pentamethylbenzene) ruthenium, 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, 
[ ( S , S ) -N~ (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(hexamethylbenzene) ruthenium, 
10 [ (R,R) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine] 
( hexamethylbenzene ) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] benzene 
ruthenium, [ (R,R)-J\T-methanesulf onyl-1 , 2-cyclohexanediamine] 
benzene ruthenium, 
15 [ ( S , S ) -W-methanesulf onyl- 1 , 2-cyclohexanediamine ] 
(methylbenzene) ruthenium, 

[ ( R , R ) -itf-methanesul f ony 1- 1 , 2 -cyclohexanediamine ] 
( met hy lbenz ene ) ruthenium , 

[ ( S , S ) -ATmethanesulf onyl-1 , 2-cyclohexanediamine ] 
20 ( 1 ,2-dimethylbenzene) ruthenium, 

[ (R,R)-N*methanesulf onyl-1 , 2-cyclohexanediamine] 

( 1 , 2-dimethylbenzene) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 

( 1 , 3-dimethylbenzene) ruthenium, 
25 [ (R,R) -N-methanesulf onyl-1 , 2-cyclohexanediamine] 

( 1, 3-dimethylbenzene) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 
( 1 , 4-dimethylbenzene) ruthenium, 

[ (R,R) -N-methanesulf onyl-1 , 2-cyclohexanediamine] 
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( 1,4-dimethylbenzene) ruthenium, 

[ ( S , S ) -N-methanesulf ony 1- 1 , 2 -cyclohexanediamine ] (p-cymene ) 
ruthenium, [ (R, R) -N-methanesulf onyl-1 , 2 -cyclohexanediamine] 
(p-cymene ) ruthenium, 

[ ( S , S ) -i\T-methanesulf onyl- 1 , 2 -cyclohexanediamine ] ( mes itylene ) 
ruthenium, [ (R,R)-itf-methanesulf onyl-1 , 2 -cyclohexanediamine] 
( mes itylene ) ruthenium , 

[ ( S , S ) -iV-methanesulf onyl-1 , 2 -cyclohexanediamine] 

(1,2 , 3-trimethylbenzene) ruthenium, 

[ (R,R) -W-methanesulf onyl-1 , 2-cyclohexanediamine] 

(1,2 , 3-trimethylbenzene ) ruthenium, 

[ ( S , S ) -itf-methanesulf onyl-1 , 2-cyclohexanediamine ] 

(1,2 , 4-trimethylbenzene ) ruthenium, 

[ ( R , R ) -N-methanesul f ony 1- 1 , 2 -cyclohexanediamine ] 

(1,2, 4-trimethylbenzene ) ruthenium, 

[ ( S , S ) -AT-methanesulf onyl-1 , 2-cyclohexanediamine ] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( R, R) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 

(1,2,3, 5-tetramethylbenzene ) ruthenium, 

[ ( R , R ) -N-methanesul f onyl- 1 , 2 -cyclohexanediamine ] 

(1,2,3, 5-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 

(1,2,3 , 4-tetramethylbenzene ) ruthenium, 

[ ( R,R)-N-methanesulf onyl- 1 , 2-cyclohexanediamine] 

(1,2,3 , 4-tetramethylbenzene) ruthenium, 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 

(1,2,3,4, 5-pentamethylbenzene ) ruthenium, 
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[ (R, R)-N*methanesulf onyl-1 , 2-cyclohexanediamine] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, 
[ ( S , S ) -itf-methanesulf onyl-1 , 2-cyclohexanediamine ] 
( hexamethylbenzene ) ruthenium, 

[ (R, R) -N-methanesulf onyl-1 , 2-cyclohexanediamine] 
( hexamethylbenzene ) ruthenium, 

[ ( S , S ) -tf-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
benzene ruthenium, 

[ (R,R)-N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
benzene ruthenium, 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(methylbenzene) ruthenium, 

[ ( R, R) -JV-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(methylbenzene ) ruthenium, 

[ ( S , S ) -N-tr if luoromethanesulf onyl ) -1 , 2-cyclohexanediamine ] 
( 1 , 2-dimethylbenzene) ruthenium, 

[ (R,R) -ATtrif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
( 1 , 2-dimethylbenzene) ruthenium, 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
( 1 ,3-dimethylbenzene) ruthenium, 

[ (R,R)-i\rtrif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
( 1 , 3-dimethylbenzene) ruthenium, 

[ ( S , S ) -W-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
( 1 , 4-dimethylbenzene) ruthenium, 

[ (R,R)-2V-tr if luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(1, 4-dimethylbenzene) ruthenium, 

[ ( S , S ) -2tf-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(p-cymene ) ruthenium, 

[ ( R, R) -N~trif luoromethanesulf onyl-1 , 2 -cyclohexanediamine ] 



(p-cymene) ruthenium, 

[ ( S , S ) -ATtrif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(mesitylene) ruthenium, 

[ (R, R) -itf-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
5 ( mes ity lene ) ruthenium , 

[ ( S , S ) -N-tr if luoromethanesulf ony 1-1 , 2-cyclohexanediamine ] 
(1,2 , 3-trimethylbenzene ) ruthenium, 

[ ( R, R) -N-trif luoromethanesulf ony 1-1 , 2-cyclohexanediamine ] 
(1,2 , 3-trimethylbenzene ) ruthenium, 
10 [ ( S , S ) -N-trif luoromethanesulf ony 1-1 , 2-cyclohexanediamine] 
(1,2 , 4-trimethylbenzene) ruthenium, 

[ (R,R)-2V-trif luoromethanesulf onyl-1, 2-cyclohexanediamine] 
(1,2 , 4-trimethylbenzene ) ruthenium, 

[ ( S , S ) -N-tr if luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
15 (1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(1,2,4, 5-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, 
20 [ (R,R)-N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(1,2,3 , 4-tetramethylbenzene ) ruthenium, 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
25 (1,2,3 , 4-tetramethylbenzene ) ruthenium, 

[ ( S , S ) -N-tr if luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, 

[ (R,R) -N-tr if luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, 
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[ (S,S ) -W-trif luoromethanesulfonyl-1 , 2-cyclohexanediamine] 
(hexamethylbenzene) ruthenium, and 

[ (R,R) -N-trif luoromethanesulfonyl-1 , 2-cyclohexanediamine] 
( hexamethylbenzene ) ruthenium . 
5 Examples of the ruthenium hydrido complex include hydrido 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
benzene ruthenium, hydrido 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
benzene ruthenium, hydrido 
10 [ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2 -diphenylethylenediamine ] 
(methylbenzene) ruthenium, hydrido 

[ (R,R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
(methylbenzene) ruthenium, hydrido 

[ ( S , S ) -itf- (p-toluenesulf onyl ) - 1 , 2 -diphenylethylenediamine ] 
15 ( 1 , 2-dimethylbenzene) ruthenium, hydrido 

[ ( R, R) -N~ (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
( 1 , 2-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( 1 , 3-dimethylbenzene) ruthenium, hydrido 
20 [ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( 1 , 3-dimethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulf onyl ) - 1 , 2-diphenylethylenediamine ] 
( 1 , 4-dimethylbenzene) ruthenium, hydrido 

[ (R,R)-N- (p-toluenesulf onyl) -1 ,2 -diphenylethylenediamine] 
25 ( 1 , 4-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -AT (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(p-cymene) ruthenium, hydrido 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(p-cymene) ruthenium, hydrido 
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[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(mesitylene) ruthenium, hydrido 

[ ( R , R ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
(mesitylene) ruthenium , hydrido 
5 [ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
( 1, 2 , 3-trimethylbenzene) ruthenium, hydrido 
[ ( R , R ) -AT- (p-toluenesul f ony 1 ) - 1 , 2 -dipheny lethy lenediamine ] 
(1,2, 3-trimethylbenzene) ruthenium, hydrido 
[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 

10 ( 1 , 2 , 4-trimethylbenzene) ruthenium, hydrido 

[ ( R, R ) -AT" (p-toluenesul f onyl ) - 1 , 2 -dipheny lethy lenediamine ] 
( 1,2, 4-trimethylbenzene) ruthenium, hydrido 
[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2,4, 5-tetramethylbenzene) ruthenium, hydrido 

15 [ (R,R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
(1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 
[ ( S , S ) -N- (p-toluenesul f ony 1 ) - 1 , 2 -dipheny lethy lenediamine ] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 
[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 

20 (1,2, 3, 5-tetramethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2,3 , 4-tetramethylbenzene ) ruthenium, hydrido 
[ ( R, R ) -N- (p-toluenesul f ony 1 ) - 1 , 2 -dipheny let hy lenediamine ] 
(1,2,3 , 4-tetramethylbenzene) ruthenium, hydrido 

25 [ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine ] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 
[ ( R, R) -2tf- (p-toluenesulf onyl ) -1 , 2-diphenylethylenediamine] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 
[ ( S , S ) -N- (p-toluenesulf onyl ) - 1 , 2 -diphenylethylenediamine ] 
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( hexamethylbenzene ) ruthenium, hydrido 

[ (R,R) -N- (p-toluenesul f ony 1 ) - 1 , 2 -dipheny lethy lenediamine ] 
( hexamethylbenzene ) ruthenium, 

hydrido [ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethy lenediamine ] 
benzene ruthenium, hydrido 

[ (R,R) -N-methanesulf onyl-1 , 2 -dipheny lethy lenediamine] benzene 
ruthenium , hydrido 

[ ( S , S ) -N-methanesul f ony 1- 1 , 2 -dipheny lethy lenediamine ] 
(methylbenzene) ruthenium, hydrido 

[ (R/R) -N-methanesulf onyl-1 , 2-diphenylethy lenediamine] 
(methylbenzene) ruthenium, hydrido 

[ (S, S ) -N-methanesulf ony 1-1 , 2 -dipheny lethy lenediamine] 

( 1 , 2-dimethylbenzene) ruthenium, hydrido 

[ (R,R) -N-methanesulf onyl-1 , 2-diphenylethylenediamine] 

( 1 , 2-dimethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] 

( 1 , 3-dimethylbenzene) ruthenium, hydrido 

[ (R,R) -N-methanesulf onyl-1 , 2-diphenylethylenediamine] 

( 1 , 3-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] 

( 1 , 4-dimethylbenzene ) ruthenium, hydrido 

[ (R f R) -N-methanesulf onyl-1 , 2-diphenylethylenediamine] 

( 1 , 4-dimethylbenzene) ruthenium, hydrido 

[ (S,S) -N-methanesulf onyl-1 , 2-diphenylethylenediamine] (p-cymene) 
ruthenium, hydrido 

[ (R,R) -N-methanesulf onyl-1 , 2-diphenylethylenediamine] (p-cymene) 
ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] 
(mesitylene) ruthenium, hydrido 



[ (R,R)-W-methanesulf onyl-1 , 2-diphenylethylenediamine] 
(mesitylene) ruthenium , hydrido 

[ ( S , S ) -Jtf-methanesulf onyl- 1 , 2 -diphenylethylenediamine ] 

( 1 , 2 , 3-trimethylbenzene ) ruthenium, hydrido 

[ (R/R) -N-methanesulf onyl-1 , 2-diphenylethylenediamine] 

( 1 , 2 , 3-trimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-met hanesul f ony 1- 1 , 2 -diphenylethylenediamine ] 

(1,2 , 4-trimethylbenzene) ruthenium, hydrido 

[ ( R , R ) -ATmethanesul f ony 1- 1 , 2 -diphenylethylenediamine ] 

(1,2 , 4-trimethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-diphenylethylenediamine ] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 

[ (R,R)-2V-methanesulf onyl-1 , 2-diphenylethylenediamine] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -2V-methanesulf onyl-1 , 2-diphenylethylenediamine ] 

(1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 

[ ( R, R) -N'methanesulf onyl-1 , 2-diphenylethylenediamine] 

(1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -itf-methanesulf onyl-1 , 2-diphenylethylenediamine ] 

(1,2,3, 4-tetramethylbenzene ) ruthenium, hydrido 

[ (R,R)-i\T-methanesulfonyl-l , 2-diphenylethylenediamine] 

(1,2,3 , 4-tetramethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl- 1 , 2-diphenylethylenediamine ] 

(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 

[ ( R , R ) -AT-met hanesul f ony 1- 1 , 2 -diphenylethylenediamine ] 

(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N-met hanesul f ony 1- 1 , 2 -diphenylethylenediamine ] 

(hexamethylbenzene) ruthenium, hydrido 

[ (R,R)-N*met hanesul f onyl-1 , 2-diphenylethylenediamine] 
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(hexamethylbenzene) ruthenium, 
hydrido 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
benzene ruthenium, hydrido 
5 [ (R,R) -N-trif luoromethanesulfonyl-1 , 2-diphenylethylenediamine] 
benzene ruthenium, hydrido 

[ (S,S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(methylbenzene) ruthenium, hydrido 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
10 (methylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
( 1 ,2-dimethylbenzene) ruthenium, hydrido 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
( 1 ,2-dimethylbenzene) ruthenium, hydrido 
15 [ (S,S) -N-trif luoromethanesulf onyl-1, 2-diphenylethylenediamine] ( 
1 , 3-dimethylbenzene) ruthenium, hydrido 

[ (R,R) -N-trif luoromethanesulfonyl-1 , 2-diphenylethylenediamine] 
( 1 , 3-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2 -diphenylethylenediamine ] 
20 ( 1 , 4-dimethylbenzene) ruthenium, hydrido 

[ (R,R) -N-trif luoromethanesulfonyl-1 ,2 -diphenylethylenediamine] 
( 1 , 4-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
(p-cymene) ruthenium, hydrido 
25 [ (R,R) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
(p-cymene) ruthenium, hydrido 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 
(mesitylene) ruthenium, hydrido 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
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mesitylene) ruthenium, hydrido 

( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
1 , 2 , 3-trimethylbenzene ) ruthenium, hydrido 

(R,R) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

1.2. 3- trimethylbenzene ) ruthenium, hydrido 

( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

1.2 . 4- trimethylbenzene) ruthenium, hydrido 

(R,R) -N*tr if luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
1,2, 4-trimethylbenzene) ruthenium, hydrido 

(S,S )-N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 

(R,R) -N'trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 

( S , S ) -N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine ] 

1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 

(R,R)-N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 

( S , S ) -N-tr if luoromethanesulf onyl- 1 , 2-diphenylethylenediamine ] 

1,2,3 , 4-tetramethylbenzene) ruthenium, hydrido 

(R,R)-N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

1,2,3 , 4-tetramethylbenzene) ruthenium, hydrido 

( S , S ) -i\T"trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 

( R, R) -N'trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 

( S , S ) -ATtrif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 

hexamethylbenzene ) ruthenium, hydrido 

(R,R)-N-trif luoromethanesulf onyl-1 , 2-diphenylethylenediamine] 
hexamethylbenzene ) ruthenium, 



hydrido [ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine] 
benzene ruthenium, hydrido 

[ (R,R) -N- (p-toluenesulf onyl ) - 1 , 2-cyclohexanediamine ] benzene 
ruthenium, hydrido 
5 [ ( S , S ) -N~ (p-toluenesulf onyl ) - 1 , 2-cyclohexanediamine ] 
(methylbenzene) ruthenium, hydrido 

[ ( R, R) -N- (p-toluenesulf onyl ) - 1 , 2-cyclohexanediamine ] 
(methylbenzene) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
10 ( 1 , 2-dimethylbenzene) ruthenium, hydrido 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 

( 1 , 2-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 

(1,3 -dimethy lbenzene ) ruthenium , hydrido 
15 [ (R,R)-2V- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine] 

( 1 ,3-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N~ (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 

( 1 , 4-dimethy lbenzene) ruthenium, hydrido 

[ ( R, R ) -N- (p-toluenesulf onyl ) - 1 , 2-cyclohexanediamine ] 
20 ( 1,4 -dimethy lbenzene) ruthenium, hydrido 

[ ( S , S ) -2tf- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] (p-cymene ) 

ruthenium, hydrido 

[ ( R, R) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] (p-cymene ) 
ru t henium , hy dr ido 
25 [ ( S , S ) -N~ (p-toluenesulf onyl ) - 1 , 2-cyclohexanediamine ] 
(mesitylene) ruthenium, hydrido 

[ ( R, R) -2\T- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
(mesitylene) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulf onyl ) -1 , 2-cyclohexanediamine ] 
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(1,2, 3-trimethylbenzene ) ruthenium, hydrido 

[ (R/R) -N- (p-toluenesulfonyl ) -1 , 2-cyclohexanediamine] 

(1,2/ 3-trimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N* (p-toluenesulfonyl ) - 1 , 2 -cyclohexanediamine ] 

( 1 , 2 , 4-trimethylbenzene) ruthenium, hydrido 

[ ( R , R ) -N~ (p-toluenesulfonyl ) -1 9 2-cyclohexanediamine] 

( 1 , 2 , 4-trimethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulfonyl ) -1 , 2 -cyclohexanediamine ] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 

[ ( R, R ) -N- (p-toluenesulfonyl ) -1 , 2-cyclohexanediamine ] 

(1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulfonyl ) -1 , 2-cyclohexanediamine ] 

(1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 

[ ( R , R ) -N m (p-toluenesul f ony 1 ) - 1 , 2 -cyclohexanediamine ] 

(1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulfonyl ) -1 , 2-cyclohexanediamine ] 

(1,2,3, 4-tetramethylbenzene ) ruthenium, hydrido 

[ ( R, R) -N- (p-toluenesulfonyl ) - 1 , 2-cyclohexanediamine ] 

(1,2,3, 4-tetramethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N- (p-toluenesulfonyl ) - 1 , 2-cyclohexanediamine ] 

(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 

[ ( R, R) -N~ (p-toluenesulfonyl ) - 1 , 2-cyclohexanediamine ] 

(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 

[ ( S , S ) -N~ (p-toluenesulfonyl ) - 1 , 2-cyclohexanediamine ] 

( hexamethylbenzene ) ruthenium, hydrido 

[ ( R, R) -N- (p-toluenesulfonyl ) -1 , 2-cyclohexanediamine ] 

( hexamethylbenzene ) ruthenium, 

hydrido [ (S,S)-N-methanesulfonyl-l, 2-cyclohexanediamine] benzene 
ruthenium, hydrido 
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[ (R,R) -N-methanesulf onyl-1 , 2-cyclohexanediamine] benzene 
r u t hen ium , hy dr ido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine] 

(methylbenzene) ruthenium, hydrido 

[ ( R , R ) -N-methanesul f ony 1 - 1 , 2 -cyclohexanediamine ] 

(methylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine] 

( 1 , 2-dimethylbenzene) ruthenium, hydrido 

[ (R,R) -N-methanesul f ony 1 - 1 , 2 -cyclohexanediamine ] 

( 1 , 2-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 

(1,3 -dimethy lbenz ene ) ruthenium , hydrido 

[ (R,R) -N-methanesulf onyl-1 , 2-cyclohexanediamine] 

( 1 , 3 -dimethy lbenzene) ruthenium, hydrido 

[ ( S , S ) -N-methanesul f ony 1 - 1 , 2 -cyclohexanediamine ] 

(1,4 -dimethy lbenz ene ) ruthenium , hydrido 

[ ( R , R ) -N-methanesul f ony 1 -1,2 -eye lohexanediamine ] 

( 1 ,4-dimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] (p-cymene ) 
ruthenium, hydrido 

[ ( R , R ) -N-methanesul f ony 1- 1 , 2 -cyclohexanediamine ] (p-cymene ) 
ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl- 1 , 2-cyclohexanediamine ] ( mesitylene ) 
ruthenium, hydrido 

[ (R,R) -N-methanesulf onyl-1 , 2-cyclohexanediamine] (mesitylene) 
ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 

(1,2 , 3 -trimethy lbenzene) ruthenium, hydrido 

[ (R,R) -N-methanesulf onyl-1 , 2-cyclohexanediamine] 



(1,2 , 3-trimethylbenzene ) ruthenium, hydrido 
[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 
( 1 , 2 , 4-trimethylbenzene) ruthenium, hydrido 
[ (R,R)-N-methanesulf onyl-1 , 2-cyclohexanediamine] 
5 (1,2, 4-trimethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 
(1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 
[ (R,R) -N-methanesulf onyl-1 , 2-cyclohexanediamine] 
(1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 

10 [ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 
(1,2,3, 5-tetramethylbenzene) ruthenium, hydrido 
[ ( R , R ) -N-methanesul f ony 1- 1 , 2 -cyclohexanediamine ] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 
[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 

15 ( 1 , 2 , 3 , 4-tetramethylbenzene) ruthenium, hydrido 
[ ( R , R ) -itf-methanesul f ony 1- 1 , 2 -cyclohexanediamine ] 
(1,2,3 , 4-tetramethylbenzene) ruthenium, hydrido 
[ ( S , S ) -N-methanesulf onyl-1 , 2-cyclohexanediamine ] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 

20 [ (R,R)-N-methanesulf onyl-1 , 2-cyclohexanediamine] 
(1,2,3,4, 5-pentamethylbenzene) ruthenium, hydrido 
[ (S,S)-N-methanesulf onyl-1 , 2-cyclohexanediamine] 
( hexamethylbenzene ) ruthenium, hydrido 
[ (R,R)-N-methanesulf onyl-1 , 2-cyclohexanediamine] 

25 (hexamethylbenzene) ruthenium, hydrido 

[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
benzene ruthenium, hydrido 

[ (R,R) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
benzene ruthenium, hydrido 



40 



[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(methylbenzene) ruthenium/ hydrido 

[ (R/R) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(methylbenzene) ruthenium, hydrido 
5 [ ( S , S ) -Jtf-trif luoromethanesulf onyl- 1 , 2-cyclohexanediamine ] 
( 1 , 2-dimethylbenzene ) ruthenium, hydrido 

[ ( R, R) -N-trif luoromethanesulf onyl- 1 , 2-cyclohexanediamine ] 
(1,2 -dimethy lbenzene ) ruthenium , hydrido 

[ ( S , S ) -N-trif luoromethanesulf onyl- 1 , 2-cyclohexanediamine ] 
10 ( 1 , 3-dimethylbenzene) ruthenium, hydrido 

[ (R,R)-N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(1,3 -dimethy lbenzene ) ruthenium , hydrido 

[ ( S , S ) -IV-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
( 1 , 4 -dimethy lbenzene) ruthenium, hydrido 
15 [ (R, R) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
( 1 , 4 -dimethy lbenzene) ruthenium, hydrido 

[ ( S , S ) -iV-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(p-cymene) ruthenium, hydrido 

[ ( R , R ) -N-tr if luoromethanesul f ony 1- 1 , 2 -cyclohexanediamine ] 
20 (p-cymene) ruthenium, hydrido 

[ ( S f S ) -2tf-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(mesitylene) ruthenium, hydrido 

[ ( R, R) -w-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(mesitylene) ruthenium, hydrido 
25 [ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(1,2 , 3 -trimethy lbenzene) ruthenium, hydrido 
[ (R,R)-AT-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine] 
(1,2 , 3 -trimethy lbenzene ) ruthenium, hydrido 
[ ( S , S ) -N-trif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
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( 1 , 2 , 4-trimethylbenzene ) ruthenium, hydrido 
[ (R/R) -ATtrif luoromethanesulfonyl-1 , 2-cyclohexanediamine] 
(1,2,4 -trimethylbenzene ) ruthenium, hydrido 
[ ( S , S ) -N-trif luoromethanesulf onyl- 1 , 2-cyclohexanediamine ] 
5 (1,2, 4, 5-tetramethylbenzene) ruthenium, hydrido 

[ (R,R)-I\rtrif luoromethanesulfonyl-1 , 2-cyclohexanediamine] 
(1,2,4, 5-tetramethylbenzene ) ruthenium, hydrido 
[ ( S , S ) -ATtrif luoromethanesulf onyl- 1 , 2-cyclohexanediamine ] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 
10 [ (R, R) -Af-trif luoromethanesulf onyl- 1 , 2-cyclohexanediamine] 
(1,2,3, 5-tetramethylbenzene ) ruthenium, hydrido 
[ ( S , S ) -ATtrif luoromethanesulf onyl- 1 , 2-cyclohexanediamine ] 
(1,2,3,4 -tetramethylbenzene ) ruthenium, hydrido 
[ (R,R) -ATtrif luoromethanesulfonyl-1 , 2-cyclohexanediamine] 
15 (1,2, 3, 4 -tetramethylbenzene) ruthenium, hydrido 

[ ( S , S ) -ATtrif luoromethanesulf onyl-1 , 2-cyclohexanediamine ] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 
[ (R,R) -ATtrif luoromethanesulfonyl-1 , 2-cyclohexanediamine] 
(1,2,3,4, 5-pentamethylbenzene ) ruthenium, hydrido 
20 [ (S,S ) -N-trif luoromethanesulfonyl-1 , 2-cyclohexanediamine] 
( hexamethylbenzene ) ruthenium, and hydrido 
[ (R,R) -N-trif luoromethanesulfonyl-1 , 2-cyclohexanediamine] 
( hexamethylbenzene ) ruthenium. 

In an embodiment of the present invention, the optically 
25 active nitrogen-containing compound, the compound of a metal of 
group VIII of the periodic table, the base, and the compounds 
represented by general formulae (A) and (B) may be reacted by mixing. 
More preferably, the asymmetric metal complex is prepared 
beforehand from the optically active nitrogen-containing compound, 
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the compound of a metal of group VIII of the periodic table, and 
the base, and the compounds represented by general formulae (A) 
and (B) are reacted by mixing in the presence of this asymmetric 
metal complex. By carrying out the preparation of the asymmetric 
5 metal complex in the presence of a hydrogen-donating compound an 
asymmetric metal hydrido complex is obtained, and by carrying it 
out in the absence of a hydrogen-donating compound an asymmetric 
metal amido complex is obtained. In the preparation of the 
asymmetric metal complex, the molar mixing ratio of the compound 

10 of a metal of group VIII of the periodic table and the optically 
active nitrogen-containing compound is 1.0 : 0.1 to 1.0 : 10.0, 
and it is preferable to mix molar equivalents of the metal and the 
optically active nitrogen-containing compound. The base is used 
at 0.1 to 100 molar equivalents relative to the compound of a metal 

15 of group VIII of the periodic table, and preferably 1.0 to 10 molar 
equivalents. As a catalyst for the asymmetric reaction, either the 
asymmetric metal amido complex or the asymmetric metal hydrido 
complex can be used. Methods for preparing an asymmetric metal 
complex are described in Angew. Chem. , Int. Ed. Engl., 1997, 36, 

20 285-288 and J. Org. Chem., 1999, 64, 2186-2187. Furthermore, the 
asymmetric metal hydrido complex or asymmetric metal amido complex 
prepared from the optically active nitrogen-containing compound, 
the compound of a metal of group VIII of the periodic table, and 
the base may be reacted with the compound represented by general 

25 formula (B) to give an asymmetric metal complex, which is then mixed 
and reacted as a catalyst with the compounds represented by general 
formulae (A) and (B) (Reference Example 2). 

The reaction can be carried out in various types of solvent. 
Examples thereof include an aliphatic hydrocarbon such as pentane, 



hexane, cyclopentane, or cyclohexane, an aromatic compound such 
as toluene or xylene, a halogen compound such as dichloromethane, 
a ketone solvent such as acetone, methyl ethyl ketone, or 
cyclohexanone, an alcoholic solvent such as methanol, ethanol, 
5 2-propanol, or 2-methyl-2-propanol, and an organic compound such 
as tetrahydrof uran, diethyl ether, dimethylsulf oxide (DMSO), 
dimethylformamide(DMF) , or acetonitrile, and they may be used 
singly or in combination. 

In the catalytic reaction, the concentrations of the compounds 

10 represented by general formulae (A) and (B) are from 0.01 mol/L 
of the above-mentioned solvent to a state in which no solvent is 
used, and preferably in the range of 0.1 to 3.0 mol/L. The amounts 
of the compounds represented by general formulae (A) and (B) 
relative to the asymmetric metal complex having the metal atom of 

15 group VIII of the periodic table are usually expressed as a molar 
ratio (S/C) of the reaction substrate relative to the asymmetric 
metal complex having the metal atom of group VIII of the periodic 
table, and S/C is in the range of 10 to 100,000, and preferably 
50 to 2,000. The reaction temperature is on the order of -20 °C to 

20 100 °C from the viewpoint of cost efficiency. More practically, the 
reaction can be carried out at around a room temperature of 2 0°C 
to 4 0 °C. The reaction time varies depending on the reaction 
conditions such as the reaction substrate concentration, the 
temperature, and the pressure, but the reaction is completed in 

25 a few minutes to 100 hours. The product can be purified by a known 
method such as column chromatography, distillation, or 
recrystallization . 
Examples 

The present invention is explained further in detail below 
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with reference to Examples , but the present invention is not limited 
by the Examples. In the Examples , %ee denotes the percentage 
enantiomeric excess, and S/C denotes the molar ratio of the 
substrate to the catalyst (molar ratio of the substrate to 
5 ruthenium) . 

Furthermore, Tsdpen denotes W-(p-toluenesulfonyl)- 
1,2-diphenylethylenediamine and Msdpen denotes 

ATmethanesulfonyl-1 , 2-diphenylethylenediamine. 
(Reference Example 1) 

10 Synthesis of the asymmetric ruthenium amide complex 
Ru [ ( S , S ) -Tsdpen ] ( hexamethylbenzene ) 

Under an atmosphere of argon, 134 mg (0.2 mmol) of 
[RuCl 2 ( hexamethylbenzene) ] 2 , 147 mg (0.4 mmol) of (S,S)-TsDPEN, 183 
mg (2.8 mmol) of potassium hydroxide, 3 mL of methylene chloride, 

15 and 3 mL of water were placed in a 20 mL Schlenk tube and stirred 
at room temperature for 1 hour. The organic phase was washed with 
water several times , and sodium sulfate was then added to the organic 
phase to dry it. The organic phase was further dried with CaH 2 and 
then filtered, the solvent was removed by distillation, and the 

20 residue was dried under vacuum. The violet crystals thus obtained 
were used directly in a reaction as a catalyst. 

By the same procedure as in Reference Example 1, 
Ru[ (S,S) -Tsdpen] ( 1 , 2 , 3 , 4 , 5-pentamethylbenzene) , 
Ru[ (S,S) -Tsdpen] ( 1 , 2 , 4 , 5-tetramethylbenzene) , Ru[ ( S,S ) -Tsdpen] 

25 ( 1 , 3 , 5-trimethylbenzene) , Ru[ (S,S) -Tsdpen] (p-cymene), and 
Ru [ ( S , S ) -Msdpen ] ( hexamethylbenzene ) were synthes ized . 
Furthermore, RuH[ (R,R) -Tsdpen] ( 1 , 3 , 5-trimethylbenzene) was 
synthesized by carrying out the reaction of Reference Example 1 
in 2 -propanol . 
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(Example 1) 

Production of (R)-3-[bis(methoxycarbonyl)methyl] cyclohexanone 
Under an atmosphere of argon, 12.6 mg (0.02 mmol, S/C = 50) 
of Ru[ (S, S)-Tsdpen] (hexamethylbenzene) , 97 \xL (1.0 mmol) of 
5 2-cyclohexenone, 114 jiL (1.0 mmol) of dimethyl malonate, and 1 mL 
of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube and 
stirred at 30°C for 48 hours. This solution was purified by flash 
column chromatography ( hexane/acetone = 90/10, Si0 2 ) to give 213 
mg (93% yield) of the title compound. The optical purity was 
10 measured by HPLC (CHIRALPAK AS manufactured by Daicel Chemical 
Industries, Ltd., hexane : 2-propanol = 85 : 15, f low rate 0 . 5 mL/min, 
detection at 210 run) and it was found to be 96 lee. 
(Example 2) 

Production of (S)-3- [bis (met hoxycarbonyl) methyl] cyclohexanone 
15 Under an atmosphere of argon, 24.0 mg (0.04 mmol, S/C = 50) 

of RuH[ (R,R)-Tsdpen] ( 1 ,3 , 5-trimethylbenzene) , 194 jiL (2.0 mmol) 
of 2-cyclohexenone, 229 ^L (2.0 mmol) of dimethyl malonate, and 
2 mL of acetone were placed in a 20 mL Schlenk tube and stirred 
at 30 °C for 48 hours. This solution was purified by flash column 
20 chromatography (hexane/acetone = 90/10, Si0 2 ) to give 316 mg (69% 
yield) of the title compound. The optical purity was measured by 
HPLC (CHIRALPAK AS manufactured by Daicel Chemical Industries, Ltd. , 
hexane : 2-propanol = 85 : 15, flow rate 0.5 mL/min, detection at 
210 nm) and it was found to be 73 %ee. 
25 (Example 3) 

Production of (S ) -3- [bis (et hoxycarbonyl) methyl] cyclohexanone 

Under an atmosphere of argon, 24.0 mg (0.04 mmol, S/C = 50) 
of RuH[ (R,R)-Tsdpen] ( 1 , 3 , 5-trimethylbenzene) , 194 fiL (2.0 mmol) 
of 2-cyclohexenone, 3 04 jjL (2.0 mmol) of diethyl malonate, and 2 
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mL of acetone were placed in a 20 mL Schlenk tube and stirred at 
3 0°C for 48 hours. This solution was purified by flash column 
chromatography ( hexane/acetone = 90/10 , Si0 2 ) to give 330 mg (64% 
yield) of the title compound. After this was converted into an 
5 ethylene ketal derivative as shown below , the optical purity was 
measured by HPLC (CHIRALCEL OD manufactured by Daicel Chemical 
Industries, Ltd. , hexane : 2-propanol = 97 : 3, flow rate 0.5 mL/min, 
detection at 210 nm) and it was found to be 7 7 %ee. 



[Chem.30] 




10 

(Example 4) 

Production of (R) -3- [bis (ethoxycarbonyl ) methyl ] cyclohexanone 

Under an atmosphere of argon, 24.0 mg (0.04 mmol, S/C = 50) 
of Ru[ (S,S)-Tsdpen] (p-cymene), 194 jiL (2.0 mmol) of 2- 

15 cyclohexenone, 304 jiL (2.0 mmol) of diethyl malonate, and 2 mL of 
2-methyl-2-propanol were placed in a 20 mL Schlenk tube and stirred 
at 30 °C for 48 hours. This solution was purified by flash column 
chromatography (hexane/acetone = 90/10, Si0 2 ) to give 409 mg (80% 
yield) of the title compound. After this was converted into an 

20 ethylene ketal derivative as shown in Example 3, the optical purity 
was measured by HPLC (CHIRALCEL OD manufactured by Daicel Chemical 
Industries, Ltd., hexane : 2-propanol = 97 : 3, flow rate 0 . 5 mL/min, 
detection at 210 nm) and it was found to be 61 %ee. 
(Example 5) 

25 Production of (R)-3-[bis(methoxycarbonyl)methyl] cyclopentanone 
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Under an atmosphere of argon, 12.6 mg (0.02 mmol, S/C = 50) 
of Ru[ (S,S)-Tsdpen] (hexamethylbenzene) , 84 jiL (1.0 mmol) of 
2-cyclopentenone, 114 jjL (1.0 mmol) of dimethyl malonate, and 1 
mL of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube and 
5 stirred at 40 °C for 24 hours. This solution was purified by flash 
column chromatography ( hexane/acetone = 90/10, Si0 2 ) to give 210 
mg (98% yield) of the title compound. The optical purity was 
measured by HPLC (CHIRALPAK AS manufactured by Daicel Chemical 
Industries, Ltd., hexane; 2-propanol = 80 : 20, flow rate 1 . 0 mL/min, 
10 detection at 210 nm) and it was found to be 98 %ee. 
(Example 6) 

Production of (R)-3-[bis(methoxycarbonyl)methyl] cyclopentanone 
Under an atmosphere of argon, 11.0 mg (0.02 mmol, S/C = 100) 
of Ru[ (S,S)-Msdpen] (hexamethylbenzene), 168 jjL (2.0 mmol) of 

15 2-cyclopentenone, 22 8 (2.0 mmol) of dimethyl malonate, and 1 
mL of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube and 
stirred at 60 °C for 24 hours. This solution was purified by flash 
column chromatography (hexane/acetone = 90/10, Si0 2 ) to give 422 
mg (99% yield) of the title compound. The optical purity was 

20 measured by HPLC (CHIRALPAK AS manufactured by Daicel Chemical 
Industries, Ltd., hexane : 2-propanol = 80 : 20, flow rate 1 . 0 mL/min, 
detection at 210 nm) and it was found to be 98 %ee. 
(Example 7) 

Production of (S ) -3- [bis (methoxycarbonyl) methyl] cyclopentanone 
25 Under an atmosphere of argon, 12.0 mg (0.02 mmol, S/C = 50) 

of RuH[ (R,R)-Tsdpen] ( 1 , 3 , 5-trimethylbenzene) , 84 jiL (1.0 mmol) 
of 2-cyclopentenone, 114 (1.0 mmol) of dimethyl malonate, and 
1 mL of acetone were placed in a 20 mL Schlenk tube and stirred 
at 40 °C for 24 hours. This solution was purified by flash column 



chromatography (hexane/acetone = 90/10, Si0 2 ) to give 213 mg (99% 
yield) of the title compound. The optical purity was measured by 
HPLC (CHIRALPAK AS manufactured by Daicel Chemical Industries, Ltd. , 
hexane : 2-propanol = 80 : 20, flow rate 1.0 mL/min, detection at 
5 210 nm) and it was found to be 89 %ee. 
(Example 8) 

Production of ( R) -3 -[ bis (ethoxycarbonyl) methyl] cyclopentanone 
Under an atmosphere of argon, 12.6 mg (0.02 mmol, S/C = 50) 
of Ru[ (S,S )-Tsdpen] ( hexamethylbenzene) , 84 (1.0 mmol) of 

10 2-cyclopentenone, 152 yXL (1.0 mol) of diethyl malonate, and 1 mL 
of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube and 
stirred at 40 °C for 24 hours. This solution was purified by flash 
column chromatography (hexane/acetone = 90/10, Si0 2 ) to give 233 
mg (96% yield) of the title compound. After this was converted into 

15 an ethylene ketal derivative by the same procedure as in Example 
3, the optical purity was measured by HPLC (CHIRALCEL OD 
manufactured by Daicel Chemical Industries, Ltd., hexane : 
2-propanol = 97 : 3, flow rate 0.5 mL/min, detection at 210 nm) 
and it was found to be 96 %ee. 

20 (Example 9) 

Production of (S)-3- [bis (ethoxycarbonyl) methyl] cyclopentanone 
Under an atmosphere of argon, 24.0 mg (0.04 mmol, S/C = 50) 
of RuH[ (R,R)-Tsdpen] ( 1 , 3 , 5-trimethylbenzene) , 168 /jL (2.0 mmol) 
of 2-cyclopentenone, 304 jiL (2.0 mmol) of diethyl malonate, and 
25 2 mL of acetone were placed in a 20 mL Schlenk tube and stirred 
at 40 °C for 24 hours. This solution was purified by flash column 
chromatography (hexane/acetone = 90/10, Si0 2 ) to give 462 mg (95% 
yield) of the title compound. After this was converted into an 
ethylene ketal derivative by the same procedure as in Example 3, 
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the optical purity was measured by HPLC (CHIRALCEL OD manufactured 
by Daicel Chemical Industries, Ltd., hexane : 2-propanol = 97 : 
3, flow rate 0.5 mL/min, detection at 210 nm) and it was found to 
be 91 %ee. 
5 (Example 10) 

Production of 3- [ 1 , 1-bis (methoxycarbonyl ) ethyl ] cyclopentanone 
Under an atmosphere of argon, 12.6 mg (0.02 mmol, S/C = 50) 
of Ru[ (S,S)-Tsdpen] (hexamethylbenzene) , 84 pL (1.0 mmol) of 
2-cyclopentenone, 133 (1.0 mmol) of dimethyl methylmalonate, 

10 and 1 mL of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube 
and stirred at 40 °C for 24 hours. This solution was purified by 
flash column chromatography ( hexane/acetone = 90/10, Si0 2 ) to give 
54 mg (24% yield) of the title compound. The optical purity was 
measured by HPLC (CHIRALPAK AS manufactured by Daicel Chemical 

15 Industries, Ltd., hexane : 2-propanol = 80 : 20, flow rate 1 . 5 mL/min, 
detection at 210 nm) and it was found to be 76 %ee. 
(Example 11) 

Production of 3- [bis (methoxycarbonyl )methyl ] -4 , 
4 -dimethylcyclopentanone 

20 Under an atmosphere of argon, 12.3 mg (0.02 mmol, S/C = 50) 

of Ru[ (S,S)-Tsdpen] ( 1 , 2 , 3 , 4 , 5-pentamethylbenzene) , 12 2 jjL (1.0 
mmol) of 4,4-dimethyl-2-cyclopentenone, 114 }1L (1.0 mmol) of 
dimethyl malonate, and 1 mL of 2-methyl-2-propanol were placed in 
a 20 mL Schlenk tube and stirred at 40 °C for 48 hours. This solution 

25 was purified by flash column chromatography (hexane/acetone = 90/10, 
Si0 2 ) to give 141 mg (58% yield) of the title compound. After they 
were converted into an ethylene ketal derivative by the same 
procedure as in Example 3 , the optical purity was measured by HPLC 
(CHIRALCEL OD manufactured by Daicel Chemical Industries, Ltd., 
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hexane; 2-propanol = 97 : 3, flow rate 0.5 mL/min, detection at 
210 nm) and it was found to be 99 %ee. 
(Example 12) 

Production of 3-[ (acetyl) (methoxycarbonyl ) methyl ] cyclopentanone 
5 Under an atmosphere of argon, 12.6 mg (0.02 mmol, S/C = 50) 

of Ru[ (S,S)-Tsdpen] ( hexamethylbenzene) , 84 fjl* (1.0 mmol) of 
2-cyclopentenone, 108 \1L (1.0 mmol) of methyl acetoacetate, and 
1 mL of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube 
and stirred at 4 0°C for 24 hours. This solution was purified by 

10 flash column chromatography (hexane/acetone = 90/10, Si0 2 ) to give 
196 mg (99% yield) of the title compound. The percentage 
diastereomeric excess and the percentage enantiomeric excess were 
measured by *H NMR and HPLC (CHIRALPAK AS manufactured by Daicel 
Chemical Industries, Ltd., hexane : 2-propanol = 80 : 20, flow rate 

15 1.0 mL/min, detection at 210 nm), it was found that the product 
was a 1 : 1 diastereomeric mixture and each diastereomer was present 
in 70 %ee. 
(Example 13) 

Production of ( R ) -3 - [ bis ( methoxycarbonyl ) methyl ] cyclopentanone 
20 Under an atmosphere of argon, 11.0 mg (0.02 mmol, S/C = 100) 

of Ru[ (S,S)-Msdpen] ( hexamethylbenzene) , 168 yL (2.0 mmol) of 
2-cyclopentenone, 228 jul (2.0 mmol) of dimethyl malonate, and 1 
mL of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube and 
stirred at 30°C for 72 hours. This solution was purified by flash 
25 column chromatography (hexane/acetone = 90/10, Si0 2 ) to give 425 
mg (99% yield) of the title compound. The optical rotation [a] D 21 
was +96.3 (c 0.54, CHC1 3 ) . The optical purity was measured by HPLC 
(CHIRALPAK AS manufactured by Daicel Chemical Industries, Ltd., 
hexane : 2-propanol = 80 : 20, flow rate 1.0 mL/min, detection at 
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210 nm) and it was found to be 98 %ee. 
(Example 14) 

Production of ( R) -3- [bis (methoxycarbonyl )methyl] cyclohexanone 
Under an atmosphere of argon, 11.0 mg (0.02 mmol, S/C = 100) 
5 of Ru[ (S,S)-Msdpen] (hexamethylbenzene) , 194 jjL (2.0 mmol) of 
2-cyclohexenone, 228 jiL (2.0 mmol) of dimethyl malonate, and 1 mL 
of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube and 
stirred at 3 0°C for 72 hours. This solution was purified by flash 
column chromatography (hexane/acetone = 90/10, Si0 2 ) to give 443 

10 mg (97% yield) of the title compound. The optical rotation [ct] D 23 
was +3.45 (c 2.44, CHC1 3 ). The optical purity was measured by HPLC 
(CHIRALPAK AS manufactured by Daicel Chemical Industries, Ltd., 
hexane : 2-propanol = 85 : 15, flow rate 0.5 mL/min, detection at 
210 nm) and it was found to be 98 %ee. 

15 (Example 15) 

Production of (R) -3- [bis (methoxycarbonyl )methyl] cycloheptanone 
Under an atmosphere of argon, 11.0 mg (0.02 mmol, S/C = 100) 
of Ru[ (S,S )-Msdpen] (hexamethylbenzene), 111 jul* (1.0 mmol) of 
2-cycloheptenone, 114 jjL (1.0 mmol) of dimethyl malonate, and 1 

20 mL of 2-methyl-2-propanol were placed in a 20 mL Schlenk tube and 
stirred at 30°C for 72 hours. This solution was purified by flash 
column chromatography (hexane/acetone = 90/10, Si0 2 ) to give 181 
mg (75% yield) of the title compound. The optical rotation [ot] D 27 
was +45.2 (c 1.76, CHC1 3 ) . This was reacted with ( 2R, 3R) -butanediol 

25 in the presence of a catalytic amount of p-toluenesulf onic acid so 
as to be converted into a ketal derivative. The 13 C NMR spectrum 
of this derivative was measured, and the optical purity was 
determined from the ratio of the integrals of the peaks of two 
diastereomers , with the result that it was >99 %ee. 



(Example 16) 

Production of 3-[ 1 , 1-bis (met hoxycarbonyl ) ethyl] cyclopentanone 
Under an atmosphere of argon, 11.0 mg (0.02 mmol, S/C = 50) 
of Ru[ (S,S)-Msdpen] ( hexamethylbenzene) , 84 jjL (1.0 mmol) of 
5 2-cyclopentenone, 133 ^L (1.0 mmol) of dimethyl methylmalonate, 
and 1 mL of toluene were placed in a 20 mL Schlenk tube and stirred 
at 3 0°C for 48 hours. This solution was purified by flash column 
chromatography ( hexane/acetone = 90/10, Si0 2 ) to give 116 mg (51% 
yield) of the title compound. The optical rotation [a] D 25 was 
10 +87.2(c 1.00, CHC1 3 ). The optical purity was measured by HPLC 
(CHIRALPAK AS manufactured by Daicel Chemical Industries, Ltd., 
hexane : 2-propanol = 80 : 20, flow rate 1.5 mL/min, detection at 
210 nm) and it was found to be 97 %ee. 
(Example 17) 

15 Production of 3- [bis (met hoxycarbonyl ) methyl ] -4 , 
4 -dimethylcyclopentanone 

Under an atmosphere of argon, 11.0 mg (0.02 mmol, S/C = 50) 
of Ru[ (S,S)-Msdpen] (hexamethylbenzene), 122 (1.0 mmol) of 

4 , 4-dimethyl-2-cyclopentenone, 114 /jL (1.0 mmol) of dimethyl 

20 malonate, and 1 mL of 2-methyl-2-propanol were placed in a 20 mL 
Schlenk tube and stirred at 30 °C for 72 hours. This solution was 
purified by flash column chromatography (hexane/acetone = 90/10, 
Si0 2 ) to give 2 02 mg (83% yield) of the title compound. The optical 
rotation [a] D 25 was +101 . 6 (c 1.04, CHC1 3 ). After this was converted 

25 into an ethylene ketal derivative by the same procedure as in Example 
3, the optical purity was measured by HPLC (CHIRALCEL OD 
manufactured by Daicel Chemical Industries, Ltd., hexane : 
2-propanol = 97 : 3, flow rate 0.5 mL/min, detection at 210 nm) 
and it was found to be 99 %ee. 



(Example 18) 

Production of 3-[ (acetyl) ( met hoxycarbonyl) methyl] cyclopentanone 
Under an atmosphere of argon, 12.6 mg (0.02 mmol, S/C = 50) 
of Ru[ (S, S)-Tsdpen] (hexamethylbenzene) , 84 ^/L (1.0 mmol) of 
5 2-cyclopentenone, 108 jiL (1.0 mmol) of methyl acetoacetate, and 
1 mL of dry toluene were placed in a 20 mL Schlenk tube and stirred 
at 4 0 °C for 24 hours. This solution was purified by flash column 
chromatography ( hexane/acetone = 90/10, Si0 2 ) to give 196 mg (99% 
yield) of the title compound. The optical rotation [a] D 25 was +83.5 

10 (c 1.35, CHC1 3 ). The percentage diastereomeric excess and the 
percentage enantiomeric excess were measured by *H NMR and HPLC 
(CHIRALCEL OD manufactured by Daicel Chemical Industries, Ltd., 
hexane : 2-propanol = 80 : 20, flow rate 1.0 mL/min, detection at 
210 nm), and the results were that the product was a 1 : 1 

15 diastereomeric mixture and each diastereomer was present in 91 %ee. 
(Reference Example 2) 

Synthetic method for the asymmetric ruthenium malonate complex 
Ru[CH 2 (C0 2 CH 3 ) 2 ] [ (R,R)-Tsdpen] (mesitylene) 

Under an atmosphere of argon, 50 mg (0.085 mmol) of 

20 RuH[ (R,R)-Tsdpen] (mesitylene), 78 (0.68 mmol) of dimethyl 

malonate, and 4 mL of dry acetone were placed in a 20 mL Schlenk 
tube and recrystallized without further treatment to give 24 mg 
(40% yield) of orange crystals. Since the complex so obtained 
rapidly dissociated in solution to give an amide complex and 

25 dimethyl malonate, the *H NMR was measured at a low temperature 
(-30°C) so that dissociation did not occur. X H NMR (CD 2 C1 2 ) 6 2.06 
(s, 9H), 2.20 (s, 3H), 3.55-3.80 (m, 7H), 3.88 (t, J = 11.5 Hz, 
1H), 4,09 (s, 1H), 4.27 (d, J = 11.5 Hz, 1H), 5.06 (s, 3H), 
6.65-7.35(m, 15H) 
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This complex can also be used as a catalyst for a Michael 
reaction. 

Effects of the Invention 

In accordance with the present invention , Michael addition 
products such as optically active ketones and esters having high 
optical purity can be obtained by a simple procedure in high yields. 
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